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A Measurement of the Diffusion Coefficient and Radiative

Lifetime of Nitrogen Molecules in the A3E¢ State

Edward C. Zipf, Jr.
The Johns Hopkins University
Baltimore 18, Maryland

We have obtained a value for the diffusion coefficient and radia-
tive lifetime of nitrogen molecules in the metastable A32$ (v'=0)
state by measuring the intensity of the (0, 6) Vegard-Kaplan band
(At — XIE;) as a function of time and pressure in the afterglow
of a microwave discharge in very pure nitrogen.

The discharge took place in a small cylindrical quartz cell lo-
cated at the center of a microwave cavity resonant in the TMy, mode
at 2900 Mc/sec. The gas was excited periodically by microwave
power pulses from a QK-60 magnetron. The afterglow was charac-
terized by comparatively strong emission of the Vegard-Kaplan bands
and the second positive system of nitrogen, but by only weak emis-
sion of the first positive bands, Time sampling techniques! were
used to measure the intensity of the Vegard-Kaplan bands during

the afterglow. Table I lists the more intense bands that were observed.

Table I
Vegard-Kaplan bands observed in the afterglow
v, v! I vi,v" I v, v" I
0,3 2 1,4 2 1, 10 9
0,4 4 1,5 2 2,7 2
0,5 8 1,8 7 3,6 2
0,6 10 1,9 10 4,8 1




In order to minimize the effects of impurities, an Alpert-type
ultra-high vacuum system? was used in this work. Vacuua of the
order of 10~ mm Hg were normally obtained following a bakeout at
410°C for 35 hours. Hydrocarbon contamination was reduced to a
minimurn by isolating the discharge cell from the diffusion pump
with an activated alumina trap.? Very pure nitrogen was obtained
by passing Airco reagent-grade nitrogen over hot (300°C ), oxygen-
free copper and then storing the gas over a freshly evaporated
nickel film. The nickel film further purified the gas by selectively
absorbing O,, H;, CO,, CO, and some hydrocarbons, but not nitro-
gen, at room temperature.* In addition to emitting the Vegard-Kap-
lan bands, the treated gas differed in several other respects from
unprocessed reagent-grade nitrogen: It was more difficult to ionize
and it produced a lower degree of ionization for the same power
input to the cavity.

Late in the afterglow nitrogen molecules in the A3Zl"1’ state are
destroyed by collisions with other gas molecules, by radiation of
the Vegard-Kaplan bands, and by fundamental mode diffusion to the
walls of the discharge cell. The density of molecules, N, in the
v'=0 level of the A3Z\t state will decay exponentially with time

N = Ny Jp (Byr/a) cos (nz/h) exp (- v, t) (1)

where By = 2.405, a is the radius and h is the height of the discharge
cell. If we assume that no appreciable repopulation of the A3Z}z state
occurs late in the afterglow, the frequency V., is given by

Pm 1

= +o—t 2
mT TS Tt (2)

where T is the radiative lifetime of the v'=0 level, D, is the meta-
stable diffusion coefficient, n is the frequency of depopulating col-
lisions with other gas molecules and A is the fundamental diffusion

length of the discharge cell, Values for D n, and T may be ob-

m?

‘tained from an analysis of the pressure dependence of v,.
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Time resolved measurements of the intensity of the (0, 6) Vegard-

Kaplan band (figure 1) and of the spatial distribution of N were made in

the afterglow. These studies show that the metastable molecules were

diffusing in the fundamental diffusion mode late in the afterglow when
the intensity of the (0, 6) Vegard-Kaplan band was decaying exponential -
ly with time. Higher mode diffusion and the creation of additional mole-
cules in the A3 E&' state due to the emission of the first positive bands
were important processes early in the afterglow. However, the first
positive bands were only weakly excited and our data indicate that the
repopulation of the v'=0 level by this mechanism was unimportant late
in the afterglow.

By measuring vy, from the data of figure 1 and similar curves in
the pressure range 0.1 to 10 mm Hg, we found that D, =0. 202 cm?
sec™! at 760 mm Hg and 300 ° K, and thatT was about 0.9 sec. No de-
excitation of the metastable molecules due to collisions with other gas
molecules was observed in pure nitrogen. However, with contaminated
gas a two-body quenching process was observed. Further studies on
the collisional depopulation of the A3 El“l' state are in progress.

The self-diffusion coefficient, D,;, of nitrogen has a value® of
0.214 cm? sec ~!at 760 mm Hg and 300° K. Comparison of DA with
D;, shows that nitrogen molecules in the excited A32&' (v'=0) state
diffuse at a.slightly slower rate than ground state molecules. Our
value for the radiative lifetime of the v'=0 level is in agreement with

the measurements of Noxon.®
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Figure 1.
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The relative intensity of the (0, 6) Vegard-Kaplan band

in the afterglow plotted versus time. A2 = 0. 772 cm?,
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